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Introduction
On Resource multiplexing RAN3#114-e agreed following, [2]:Agreements:
The F1-terminating donor of the boundary node forwards the boundary IAB node’s resource configuration information to the non-F1-terminating donor, via following XnAP procedures:
· Retrieve UE context procedure,
· Handover preparation procedure, 
· SN addition procedure, 
· MN initiated SN modification procedure.
· SN initiated SN modification procedure 
Following information are exchanged over Xn interface via the procedures in Proposal 1-1
· Activated cell list.
· H/S/NA resource configurations.
· DL/UL resource configurations.
· Multiplexing info.
· Cell specific signal/channel configurations, including at least: SSB information, CORESET 0, and RACH configurations) from/for different parent nodes.
· Other higher layer parameters listed in R1-2110573
Parent node is aware of boundary IAB-DU cell configurations via the F1AP GNB-DU RESOURCE CONFIGURATION message
Enhancing F1AP signalling to support per-child MT link-NA resource configuration in DC scenario. 
For Resource compatibility between the two parents, CU1 and CU2 coordinate with each other.




Main RAN1 agreements related to resource multiplexing that are relevant for RAN3 are following, [4][5][6]:
FDM:
· The Rel-17 frequency domain H/S/NA configuration is provided across multiple slots and/or over a subset of slots only, with the same time-domain granularity and pattern duration as the Rel-16 H/S/NA configuration (i.e. gNB-DU Cell Resource Configuration (9.3.1.107 in TS 38.473 [8])).
· For a given slot, different H/S/NA resource types can be configured for different RB sets
· Additional signaling details (e.g. bitmap, slot pattern, etc.) can be left up to RAN3
· FFS: The number of different frequency domain configurations at a given time
· A single value for the RB set size, N, is configured for a given IAB-DU cell’s Rel-17 frequency domain H/S/NA configuration
· N is a configured number of PRBs, where the CU configures N
· N = {2, 4, 8, 16, 32, 64}
· FFS: Value(s) of N in case of multiple configured BWPs at the IAB-MT
· This agreement does not revert any existing RAN1 agreement
· Support indication of whether FDM is required or not for an enhanced multiplexing operation mode to donor-CU.
· The maximum number of non-overlapping RB sets configurable per DU cell is M
· where, M is to be selected from one of values from 4, 8, 16 
· DU frequency configuration information should be provided to the parent node
· The value of the maximum number of contiguous and non-overlapping RB sets configurable per DU cell, M is 8
· A Reference SCS is configured for frequency domain H/S/NA configuration.
· For frequency domain multiplexing, H/S/NA configurations for an IAB-node are provided separately in addition to the Rel-16 H/S/NA
DC:
· In DC scenarios, support per-child MT link-NA resource configuration.
· This configuration can be made available to IAB node as well
RAN1 has updated the higher layer parameter list also considering the latest agreements on resource configurations for FDM and DC, [5][6]. In this contribution we discuss the enhancements and their impacts on RAN3 specifications.
Furthermore, in the email discussion, continued discussion was expected on following topics, [2]:
· Whether need new XnAP procedure to transfer updated IAB-DU configurations from the F1-terminating donor to the non F1-terminating donor in inter-donor migration/RLF recovery scenarios.
· For enhancing F1AP signaling to support per-child MT link-NA resource configuration in DC scenario, the further discussion considers including a list of associated child IAB-MT IDs (e.g. gNB-DU UE F1AP ID) in the F1AP message, and RAN1 progress, etc.
· Whether RAN3 need to ensure that the configurations are applied at the same time
We elaborate also these topics and propose suitable way-forward for these.

Discussion
2.1 Resource configurations for FDM operation
FDM operation in Rel.17 is extended to intra-carrier FDM for which the frequency domain blocks are divided into varying size RB sets. The size of the RB set is a configurable number (N) of PRBs and the value of N can be {2, 4, 8, 16, 32, 64}. There will be only a single value of N per DU cell. The maximum number of non-overlapping RB sets is 8. In the F1AP signaling, the enhanced configuration requires another loop for H/S/NA configurations per RB set. The FDM configuration can be done with extended gNB-DU Cell Resource Configuration IE. Additionally, the SCS shall be indicated in the RB set configuration.
TP for FDM HSNA configuration is Annex I.
Proposal 1. Intra-carrier FDM resource and SCS configuration to be implemented with enhanced gNB-DU Cell Resource Configuration IE. 

2.2 Per-link resource configuration
The support for per-child MT link-NA resource configuration is intended to allow appropriate and non-conflicting resource usage on multiple child links which would be beneficial especially in the case where the child nodes belong to different topologies and are configured by different donors. In such scenario, the child link of either one of the parent nodes could have per-link specific configuration that can deviate from the resource configuration of the served cell. As the configuration is per-child MT, the configuration signalling shall be enhanced to include the child-link or MT to designate the configuration to a correct link/MT.
RAN1 agreed that the per-link configuration is done with additional NA configuration for the parent DU serving the child IAB-node. The IAB-node can be made aware of the configuration. The enhanced signalling shall identify the child link to which the configuration shall apply.
Observation 1. Support for per-child MT resource configuration requires enhancement to designate the configuration to the correct child-MT/child BH link.
F1AP signalling shall be enhanced to indicate NA configuration per child link. For this the gNB-DU Cell Resource Configuration IE can be extended to indicate the child link that the configuration applies to. Otherwise, the existing GNB-DU RESOURCE CONFIGURATION -message and the IE can be used as NA is already one of the options for DU resource type. Proposed TP can be found in Annex I for the modified message/IE. As for the ID to identify the child BH link in concern, gNB-DU UE F1AP ID would be suitable for this purpose as it uniquely refers to the intended link and is an existing ID used in F1. This is also used as an identification in the child node list of GNB-DU RESOURCE CONFIGURATION -message.
Proposal 2. RAN3 to agree on proposed extension to gNB-DU Cell Resource Configuration IE to support per-child MT NA configuration using gNB-DU UE F1AP ID as the identity for the child node.
2.3 Configuration update
RAN3#114-e could not conclude whether configuration update between the F1-terminating and non-F1-terminating donor is essential and whether a new procedure should be defined. At the end of the migration or re-establishment procedures, the target CU sends UE context release request which would basically remove the UE context for UE associated Xn signalling. In the partial migration, F1 remains terminated in the source CU and any later updates with the configurations would need the possibility to carry out the agreed XnAP procedures to exchange resource configuration information.
As for the potential solution, two options were discussed: 1) UE CONTEXT RELEASE would not remove the UE associated Xn connection, or 2) UE CONTEXT RELEASE would release also the UE Xn context. The latter option would require a new XnAP message to be defined for configuration updates.
Proposal 3. RAN3 to enhance the UE CONTEXT RELEASE to maintain the Xn UE context for possible resource configuration updates in migration and/or re-establishments scenarios.

2.4 Resource coordination between parent link of the boundary IAB node and its child link
RAN3#114-e did not conclude about the options for resource configuration coordination for the inter-topology scenarios. RAN1 reply LS to RAN3 request on resource multiplexing asking how the resource configurations should match or reconfigured between two parents in the topology adaptation and DC scenarios, [5]. RAN1#106-e discussed the options and concluded following [6]:
All three methods are technically feasible. However, RAN1 note that Option 1 and Option 2 may cause service interruption to child IAB nodes and associated UEs for network topologies without proper resource coordination and Option 3 is very restrictive
RAN1 notes that all above options are feasible also for semi-matched configurations, where not all DL and UL slots match, albeit with a reduced performance. Additionally, reconfigurations of the parent and/or child resource configurations can align resource configurations before or during the inter-donor migration procedures and after to further align the migrating node(s) with its new parent node
RAN1 therefore did exclude any of the options being technically not viable. However, the statement of Opt.3 being “very restrictive” gives an indication that Opt.3 would not be a preferred solution as it causes limitations to the candidate set available for topology adaptation/redundancy.
Observation 2. RAN1 view on Opt.3 indicates it to be a non-preferred option.
Regarding the re-configuration to match the resource configurations (Opt.1 and Opt.2), RAN1 sees it feasible to be done before and during migration or SCG configuration. This implies that RAN1 does not see obstacles with re-configuration and leaves it up to RAN3 to specify appropriate signalling.
Observation 3. Reconfiguration either with Opt.1 or Opt.2 can be done before or during the migration or DC configuration.
Based on RAN1 feedback, we can conclude that restrictions with Opt.3 should not be mandated and resource re-configuration should be allowed. The preference of using either Opt.1 or Opt.2 depends on the deployment scenario and can therefore be left for implementation. Hence, we would propose following:
Proposal 4. RAN3 to confirm the support for Opt.1 and Opt.2 for resource (re-)configurations in inter-topology scenarios. 

2.5 Synchronized configurations
There was no consensus about the need for synchronously applying the resource configuration in different nodes. Potential timing mismatch would be of the order of some time slots. Furthermore, the (re-)configuration do not happen very often. The synchronization would be an optimization with possibly only marginal improvement. The specification impacts are also uncertain e.g. how the timing is indicated. Hence, such enhancement does not seem absolutely necessary, nor there may be sufficiently time to complete it in Rel.17.
Proposal 5. Applying IAB-node configuration synchronously is not specified in Rel.17.

Conclusion
In this contribution configurations of lower layer parameters for radio resource multiplexing have been elaborated and how they affect RAN3 specifications. Additionally some of the open items pending RAN3 agreement have been analyzed with proposals for way-forward.
As conclusions, we had following observations and proposals: 
Observation 1. Support for per-child MT resource configuration requires enhancement to designate the configuration to the correct child-MT/child BH link.
Observation 2. RAN1 view on Opt.3 indicates it to be a non-preferred option.
Observation 3. Reconfiguration either with Opt.1 or Opt.2 can be done before or during the migration or DC configuration.

Proposal 1. Intra-carrier FDM resource and SCS configuration to be implemented with enhanced gNB-DU Cell Resource Configuration IE. 
Proposal 2. RAN3 to agree on proposed extension to gNB-DU Cell Resource Configuration IE to support per-child MT NA configuration using gNB-DU UE F1AP ID as the identity for the child node.
Proposal 3. RAN3 to enhance the UE CONTEXT RELEASE to maintain the Xn UE context for possible resource configuration updates in migration and/or re-establishments scenarios.
Proposal 4. RAN3 to confirm the support for Opt.1 and Opt.2 for resource (re-)configurations in inter-topology scenarios. 
Proposal 5. Applying IAB-node configuration synchronously is not specified in Rel.17.
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Annex I
[bookmark: _Hlk92197966]TP for FDM H/S/NA, SCS and per-link configurations with GNB-DU RESOURCE CONFIGURATION:

-------------------------------------------Change 1-------------------------------------------
8.10.2	gNB-DU Resource Configuration
8.10.2.1	General
The gNB-DU Resource Configuration procedure is initiated by the gNB-CU in order to configure the resource usage for a gNB-DU. The procedure uses non-UE associated signalling.
In this version of the specification, this procedure is used to configure IAB resources.
8.10.2.2	Successful Operation


Figure 8.10.2.2-1: gNB-DU Resource Configuration procedure: Successful Operation
The gNB-CU initiates the procedure by sending the GNB-DU RESOURCE CONFIGURATION message to gNB-DU. The gNB-DU replies to the gNB-CU with the GNB-DU RESOURCE CONFIGURATION ACKNOWLEDGE message.
For each cell in the Activated Cells to Be Updated List IE of the GNB-DU RESOURCE CONFIGURATION message, the gNB-DU shall store the resource configuration contained in the IAB-DU Cell Resource Configuration-Mode-Info IE and use it when performing scheduling in compliance with TS 38.213 [31].
If the Child-Node List IE is included in the GNB-DU RESOURCE CONFIGURATION message, for each child-node indicated by the gNB-CU UE F1AP ID IE and gNB-DU UE F1AP ID IE, and for each cell served by this child node indicated by the NR CGI IE in the Child-Node Cells List IE, the gNB-DU shall store the received information and use this information for scheduling, in compliance with TS 38.213 [31], clause 14.
For frequency domain multiplexing in IAB, the gNB-DU includes the RB Set Size IE, the RB Set SCS IE, and the IAB HSNA Slot Configuration List IE in the GNB-DU RESOURCE CONFIGURATION ACKNOWLEDGE message. If the RB Set Size IE, the RB Set SCS IE, and the IAB HSNA Slot Configuration List IE are include in the GNB-DU RESOURCE CONFIGURATION ACKNOWLEDGE message, the gNB-CU shall, if supported, consider the received information for frequency domain multiplexing. 
 
-------------------------------------------Change 2-------------------------------------------
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This IE contains the resource configuration of the cells served by a gNB-DU, i.e. the TDD/FDD resource parameters for each activated cell (TS 38.213 [31], clause 11.1.1).


	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Subcarrier Spacing
	M
	
	ENUMERATED (kHz15, kHz30, kHz60, kHz120, kHz240, spare3, spare2, spare1, …)
	Subcarrier spacing used as reference for the TDD/FDD slot configuration.
	YES
	reject

	DUF Transmission Periodicity 
	O
	
	ENUMERATED (ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10, …)
	
	YES
	reject

	DUF Slot Configuration List
	
	0..1
	
	
	
	

	>DUF Slot Configuration Item
	
	1..<maxnoofDUFSlots>
	
	The maxNrofSlots in TS 38.331 [8].
	-
	

	>>CHOICE DUF Slot Configuration
	M
	
	
	
	-
	

	>>>Explicit Format
	
	
	
	
	-
	

	>>>>Permutation
	M
	
	ENUMERATED (DFU, UFD, …)
	
	-
	

	>>>>Number of Downlink Symbols
	O
	
	INTEGER (0..14)
	
	-
	

	>>>>Number of Uplink Symbols
	O
	
	INTEGER (0..14)
	
	-
	

	>>>Implicit Format
	
	
	
	
	
	

	>>>>DUF Slot Format Index
	M
	
	INTEGER (0..254)
	Index into Table 11.1.1-1 and Table 14-2 in TS 38.213 [31], excluding the last row in Table 14-2.
	-
	

	HSNA Transmission Periodicity 
	M
	
	ENUMERATED (ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10, ms20, ms40, ms80, ms160, …)
	
	YES
	reject

	HSNA Slot Configuration List
	
	0..1
	
	
	
	

	>HSNA Slot Configuration Item
	
	1..<maxnoofHSNASlots>
	
	
	
	

	>>HSNA Downlink
	O
	
	ENUMERATED (HARD, SOFT, NOTAVAILABLE)
	HSNA value for downlink symbols in a slot.
	-
	

	>>HSNA Uplink
	O
	
	ENUMERATED (HARD, SOFT, NOTAVAILABLE)
	HSNA value for uplink symbols in a slot.
	-
	

	>>HSNA Flexible
	O
	
	ENUMERATED (HARD, SOFT, NOTAVAILABLE)
	HSNA value for flexible symbols in a slot.
	-
	

	RB Set Size
	O
	
	ENUMERATED (2, 4, 8, 16, 32, 64, …)
	
	
	

	RB Set SCS
	O
	
	ENUMERATED (scs15, scs30, scs60, scs120, ...)
	The values scs15, scs30, scs60 and scs120 corresponds to the sub carrier spacing in TS 38.104 [17].
	
	

	IAB HSNA Slot Configuration List
	
	0..1
	
	
	
	

	>Link ID Per-link Configuration
	O
	
	gNB-DU UE F1AP ID
	Indicates whether the configuration pertain only for one link. If omitted, the configuration applies to whole DU cell. 
	
	

	>HSNA Slot Configuration Item list
	
	0..1
	
	
	
	

	>>HSNA Slot Configuration Item
	
	1..<maxnoofHSNASlots >
	
	
	
	

	>>>HSNA RB Set Configuration Item
	
	1..<maxnoofRBSets>
	
	
	
	

	>>>>HSNA Downlink
	O
	
	ENUMERATED (HARD, SOFT, NOTAVAILABLE)
	HSNA value for downlink symbols in a slot.
	-
	

	>>>>HSNA Uplink
	O
	
	ENUMERATED (HARD, SOFT, NOTAVAILABLE)
	HSNA value for uplink symbols in a slot.
	-
	

	>>>>HSNA Flexible
	O
	
	ENUMERATED (HARD, SOFT, NOTAVAILABLE)
	HSNA value for flexible symbols in a slot.
	-
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